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INTRODUCTION 

 Interior designers are responsible for creating the environments that prompt experience and shape 

mood, engagement and preference. People spend the majority of their time indoors, within the built 

spaces created by designers. Prioritizing wellbeing in interior spaces has been the aim of interior 

designers who understand the profound effect of the built environment on our psychological, 

physiological, and emotional wellbeing.1 

 Interior spaces often suffer from banality created by blank forms and rigid lines. Spaces address 

American Disabilities Act (ADA) regulations in terms of dimensions and ergonomics, but do not 

always address visual interest, visual preference, and mood as conditions of wellbeing. Opposing 

‘careless’ design—entrenched in ideological debates and novelty - is paramount for wellbeing, since it 

often neglects the human condition2. And nowhere is the consideration of conditions at the human 

scale more important than within interior space, the scale at which humans spend the majority of their 

lives.  

 In recent years, the theory of biophilia has been presented as a solution for what the WHO called 

the epidemic of the 21st century—stress.  A deeper awareness of the practical application of biophilic 

design practices among interior designers can lead to more interesting and stimulating spaces that 

enrich our wellbeing.3 

BIOPHILIA 

 Human affinity for nature, termed biophilia, has captivated designers interested in designing for 

wellbeing. The aim of these designers is to leverage the restorative effects of nature into interior 

spaces to benefit the wellbeing of inhabitants.4 The favorable impact can be categorized into 

psychological effect, physiological effect, and aesthetic effect. The psychological effect can be 

understood as an increase in “… emotional restoration, with lower instances of tension, anxiety, anger, 
fatigue, confusion and total mood disturbance….”5 Positive physiological effects that occur when in 

the presence of nature include “…relaxation of muscles, as well as lowering of diastolic blood 
pressure and stress hormone levels in the bloodstream.”6 The aesthetic effect of nature has been linked 

to an evolutionary system of processing natural elements. This system is titled Natural Information 

System (NIS). A positive aesthetic experience creates a positive emotional response that motivates us 

to inhabit a natural scene that is deemed hospitable.7  

 A theoretical framework set forth by Browning et al. provokes discussion as to how to apply 

biophilic design practically. The framework outlines the 14 ‘biophilic conditions', divided into three 
categories of natural analogs, nature in space, and nature of space, which could be utilized to reach the 

wellbeing effects of biophilia. These conditions are named ‘Patterns', following from Alexander's “A 

Pattern Language” precedent.8 The 14 Patterns can positively affect the cognitive, physiological and 

psychological state of the users of a space. The framework is proposed as a guide to an architect, urban 

planner, or interior designer to highlight design opportunities that welcome a biophilic solution.  

 The reductionist view of biophilic design, limited to introducing vegetation through an indoor 

courtyard or a windowsill planter, is combated in the outlining of the 14 Patterns and in particular 

through the adoption of Pattern 10 from Browning et al. (2014)’s biophilia framework. James Kunstler 

bemoans what he calls “the nature Band-Aid” approach, which seeks to place a ficus in the corner of a 
badly designed office space in order to improve the working environment and increase the wellbeing 
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of those employed in the space.9 This trivial change is not sufficient when reordering of the space with 

a true biophilic approach is needed for a real improvement.  

 Pattern 10: Complexity and Order, under the category of Natural Analogs, speaks directly to the 

use of fractal patterns in design to create a balance between boredom and interest. A clear benefit is 

seen in expounding on Pattern 10, since it offers real-world applications that move beyond the simple 

introduction of living plants or pools of water. The limited understanding of the comprehensive 

prospects of biophilic design has been an issue that many designers have contended with.   

 

Despite recent academic and senior practitioner research on biophilic design, 

there is a media, public and built environment practitioner misapprehension that 

biophilic design is solely about introducing vegetation… 10 

 

 The pattern of Complexity and Order calls on nature’s organizational structure, in its symmetry, 
repetition, and pattern. This condition is described as follows “Rich sensory information that adheres 
to a spatial hierarchy similar to those encountered in nature.”11 The mathematical underpinnings of 

such natural order can be found in the math of fractals.  

FRACTALS 

 Fractals were first categorized by Benoit Mandelbrot in his 1982 book “The Fractal Geometry of 
Nature.” To judge any geometric pattern as a fractal, it must demonstrate certain characteristics. The 

pattern must repeat, and its repetition must happen at different scales. Elements of the pattern must 

also be self-similar. It must also be infinite in its repetition.12 The characteristics of fractals have been 

set out by the famed mathematician Kenneth Falconer 13 are: 

1. Fine structure, a cascade of detail 

2. Irregular, hard to describe with Euclidian geometry  

3. Self-similar, mathematical (or exact) and statistical (or natural) 

4. It can be described in a very simple way, recursion, translation, etc.  

 The interest in this investigation is focused on natural (or statistical) fractals, which manifest 

ubiquitously in nature around us on many scales, see Fig 1, 2, and 3.  

Figure 1.  Romanesco broccoli, an example of a statistical natural fractal (AVM, Wiki 

Commons) 

https://en.wikipedia.org/wiki/Cauliflower#/media/File:Cauliflower_Fractal_AVM.JPG 



 
 

Experiential Design – Rethinking relations between people, objects 
and environments 
 
Florida State University, AMPS, Architecture_MPS  

Tallahassee, Florida: 16-17 January, 2020 

 

 

  

 

 

Wellbeing and Fractals 

 Joye comments on the abundance of statistical fractal patterns in nature and their relationship to 

wellbeing in the following: 

 

While the fractality of nature has been amply demonstrated, there is no reason to 

believe that the presence of fractal geometry (in a sense) underlies these biophilic 

responses. To put it very crudely, it is not the tree that causes these emotional 

responses, but the fractal mathematics of the tree.14 

 

 Biophilic design strategies, including the application of fractal patterns, promise a wellbeing 

effect on the inhabitants of space.15 More specifically, studies show a strong relationship between 

statistical (natural) fractals and wellbeing. The self-reported perceived wellbeing effects of fractal 

patterns have been documented as an increase in visual interest, visual preference, and mood.16 Other 

studies in laboratory settings have proven wellbeing effects in physiological effects of reduced heart 

rate and diastolic blood pressure, as well as a decrease in alpha brains of the brain.17 

 These wellbeing effects of ordered patterns have not eluded designers both in the past and 

present. In fact, fractal patterns have been the topic of study for designers interested in practice and 

theory.  

Figure 2. Statistical natural fractal patterning seen in cerebellum of the human brain 

(Carter,Wiki Commons) 

Figure 3. The branching of tree trunks, an example of statistical natural fractal 

patterning (John Samuel, Wiki Commons) 

https://upload.wikimedia.org/wikipedia/commons/d/db/Tree_branches_with_some_lea

ves.jpg. 
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DESIGNER FRACTAL PATTERNS 

 Architecture theorist and Mathematician, Nikos Salingaros, highlights important stylistic trends 

that have affected visual complexity in design. The examples given of fractal design are often 

overwhelmingly traditional and historic. He traces the contemporary dearth of visual complexity to the 

living legacy of Modernism and the influential thoughts of Adolf Loos and Le Corbusier. On this issue 

he comments: 

 

Thus they [Adolf Loos and Le Corbusier] condemned the material culture of 

mankind from all around the globe, accumulated over millennia. While these 

condemnations may seem actions of merely stylistic interest, in fact, they had 

indirect but serious consequences. 18 

 

 Here he continues to speak of the consequences of removing complex, ordered patterns at the 

perceptible scale, the architectural (middle) and the interior/decorative (micro) scale:  

 

 The elimination of ornament removes all ordered structural 

differentiations from the range of scales 5mm to 2m or thereabouts… 
Looking around at twentieth-century buildings, one is hard-pressed to 

discover visual patterns. Indeed, their [modernist] architects go to great 

lengths to disguise patterns on human scales... 19 

 

 The idea of a perceptible scale is one that reemerges with other researchers. In order to leverage 

the possible benefits of biophilic fractal patterns to our wellbeing, the scale of fractal implementations 

must correspond to the human experience.20 The urban scale and architectural scale are not easily 

perceived by the inhabitants. When immersed in a built environment, interior space is the most readily 

perceivable scale. The smallest scale of fractal manifestation – surface decoration and ornamentation – 

would be the most impactful, since it is readily perceivable and most immersive. Christopher 

Alexander, in his magnum opus, “A Pattern Language”, takes on the issue of ornamentation when 

discussing this micro-scale. Alexander champions ornamentation, or visual complexity, as “extra 
binding energy” 21 that helps in connecting the elements of a building into a coherent whole.  

 Joye speaks to the importance of scale, adding that the intentionality of the designer in 

incorporating fractal patterns is critical.22 Introducing Joye’s ideas to the characteristics set out by 
Kenneth Falconer 23, The author of this paper proposes an amended set of characteristics that describe 

fractals in design, Designer Fractal Patterns (DFP):24  

1. Fine structure, a cascade of detail 

2. Irregular, hard to describe with Euclidian geometry  

3. Self-similar, exact or statistical (mathematical or natural) 

4. It can be described in a very simple way, recursion, translation, etc.  

5. Intentionally applied 

6. Scaled iteration 

7. 3 time nested iteration of shapes 

Fractals in Design 

These findings, concerning fractals and wellbeing, have practical implications for design. In fact, 

real-world manifestations of fractal patterns are seen in the architectural scale (middle), and the 

decorative interior scale (micro), and even in the urban scale (macro)25 both recently and historically. 

Historic examples span geography, culture, and scale (see Fig 4, 5, and 6). Manifestation at the urban 

scale in the design of the African Ba-Ila villages (See Fig 4).26 
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 Fractal repetition and scaling is common in Hindu temple design and is a clear example of 

fractals in architecture (see Fig 5).27 At the microscale, fractal qualities can be seen in Islamic patterns, 

both 3D muqarnas, and 2D tiling (see Fig 6). 28 

Figure 4. The above images show the fractal structure of the Ba-Ila villages (Eglash,nd) 

https://homepages.rpi.edu/~eglash/eglash.dir/afractal/afarch.htm 

Figure 5. The fractal quality of self-similarity is clear in the forms of 

Indian temples. (after Iasef Md Rian) Joye, “A Review of the Presence 
and Use of Fractal Geometry in Architectural Design.”

Figure 6. (Left) Safavid era patterning on the interior of a dome, showing self-similar, fractal 

qualities Derek Kaplan, “Safavid Surfaces and Parametricism,” Archinect, 2011, 
https://archinect.com/features/article/29553480/safavid-surfaces-and-parametricism..  

(Right) The muqaranas of the Aleppo Citadel, Syria. Its structure with self-similar, nested 

fractal qualities. 

https://en.wikipedia.org/wiki/Muqarnas#/media/File:Aleppo_Citadel,_Syria_(5077841786).jpg 

(wiki Commons) 

https://homepages.rpi.edu/~eglash/eglash.dir/afractal/afarch.htm
https://en.wikipedia.org/wiki/Muqarnas#/media/File:Aleppo_Citadel,_Syria_(5077841786).jpg
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        If we look to historically recent designs, we see a resurgence of ornamentation. Charles Jencks 

attributes this resurgence to postmodern thought that brought with it a rejection of the dogmas and 

rigidity that typified Modernism and the International style.29  

 The following are a few examples referenced by Charles Jencks of postmodern buildings that 

embrace ornamentation. The Façade of the Alexandria Library is covered with inscribed masonry 

lettering using local stone cutting techniques (See Fig 7). This is a clear use of ornament signaling the 

cultural position and geographic reality of the Egyptian library.30 

 FOA’s Ravensbourne College of Design Communication’s façade is an intricate pattern of 
Penrose tiling (See Fig.8). The brown and white tiles spread across the entirety of the building’s face 
and are punctuated by round window openings.31 The tiling was designed to “express the culture of 
contemporary production, by using a non-periodic tiling system which symbolizes a more diverse and 

contemporary approach to technology.”32  

 A final example is seen in Toyo Ito’s Tod’s upscale store in Tokyo (See Fig.9). Again, an interesting 
envelope that serves a strong functional reason, with the lower panes of glass perfect for merchandise 

display and the upper smaller panes for personalized office space. The concrete bands grow upwards 

and get thinner as they climb, a clear call to nature and a visual parallel to a tree.33 In this example, the 

fractal character is hard to deny. These buildings serve as examples to the contemporary acceptance of 

ornamentation in our style 

 It can be said that some of the architects and designers in these situations are reacting to the strict 

modernist style, which could be ascribed as the motive behind Toyo Ito’s design. Others are looking to 
their communities and drawing from their traditional culture in a time where the prevalent style allows 

for such sources of inspiration, such as in Alexandria. For some designers, ornamentals and fractals 

unlock advanced technological tools that warrant exciting new processes, such as in FOA’s building.   
 

Figure 7. Snøhetta and Hamza architects' The New Alexandria library (1989 

- 2001). Image from https://snohetta.com/project/5-bibliotheca-alexandrina  

https://snohetta.com/project/5-bibliotheca-alexandrina
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 However, there is no clear indication that these architects are aware of the wellbeing effects of 

this type of perceptible visual complexity. And it is probable that few are focused on the micro-scale 

of the interior experience. An example of a recent project that deliberately targeted the visual 

complexity of the interior experience is Mowhawk’s ‘Relaxing Floors’. 
 The firm 13&9, with the assistance of Dr. Richard Taylor, utilized research into fractals and 

wellbeing as the basis for an interdisciplinary project to create ‘Relaxing Floors’ for Mohawk. 
‘Relaxing Floors’ (Fig 10) is a flooring solution that “utilizes fractals to give our eyes a break from the 
digital world and deliver the essence of nature to the contract built environment.”34 

  The fractal patterns used as inspiration in these modular carpets were developed using a type of 

computer programming called L-Systems. This project is a wonderful example of interdisciplinarity 

that manages to link scientific research with the practical application. However, it should be noted that 

the patterns are not in conversation with the history of ornamentation. A practical criticism of the 

patterns comes from the location of their installation. Since one of the main characteristics of fractal 

Figure 9. Toyo Ito's Tod's store in Tokyo, Japan (2002- 2005). Image 

from http://www.toyo-ito.co.jp/WWW/Project_Descript/2000-/2000-

p_13/2000-p_13_en.html  

Figure 8. FOA's Ravensbourne Building façade (2010) is an 
intricate nonperiodic tiling. Image from 

https://www.dezeen.com/2010/09/13/ravensbourne-college-

by-foreign-office-architects/ 

http://www.toyo-ito.co.jp/WWW/Project_Descript/2000-/2000-p_13/2000-p_13_en.html
http://www.toyo-ito.co.jp/WWW/Project_Descript/2000-/2000-p_13/2000-p_13_en.html
https://www.dezeen.com/2010/09/13/ravensbourne-college-by-foreign-office-architects/
https://www.dezeen.com/2010/09/13/ravensbourne-college-by-foreign-office-architects/
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patterns is self-similar scaled iteration, it follows that it is best to have the viewer approach the pattern 

and slowly discover its detail. This is a hard task to achieve with flooring, and much easier to achieve 

with wall covering. I suggest that applying the patterns to walls would be more successful in activating 

their fractal qualities within space.   

 

 In my research, I use Designer Fractal Patterns (DFP) in context within an interior environment 

and measure the perceived wellbeing effects, i.e., positive vs. negative mood, visual interest, and 

visual preference. The DFPs used as visual stimuli in my research can be seen in Figure 12 to 17. 

These patterns were developed through a lengthy interdisciplinary process. The process began by 

researching many iconic patterns from different time periods and different styles with a global eye.  

 A collection of 50 patterns, exhibiting the promise of fractal qualities were chosen to be a 

representative sample. The 50 patterns were then shared with a focus group of mathematicians. Dr. 

Krystal Taylor, from The Ohio State University, was instrumental in this process. Her research focus 

is on fractal geometry and chaos math. With help from her and several of her graduate students, the 50 

patterns were narrowed down to six using the outlined characteristics of DFPs. These chosen patterns 

were then modified by the author until they satisfied the characteristics as best possible. A checkered 

pattern was added to the six patterns, to act as a control, bringing the total number of patterns up to 

seven.   

 Decisions also had to be made concerning the scale and coloring of the patterns. This was done in 

collaboration with an architect. Salingaros speaks about “human scale” describing it as “… the sizes of 
the eye, finger, hand, arm, body, etc.” 35 It can be thought of as a natural measuring system, similar to 

the basis of the imperial measuring system. A light projector was used to modify each pattern’s scale 
in real-time until a suitable scale was decided on. It must be noted here that the final scale of the 

pattern related very closely to human dimensions, of the width of a palm and the span of one’s finger.  
 

Figure 10. Relaxing Floors designed by 13&9 and released by Mohawk. 

https://www.interiorsandsources.com/article-details/articleid/22645/title/mohawk-

evidence-design-carpet-patterns-reduce-stress 
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Figure 12. This pattern is modelled by the 

author after a pattern called “green Goose 
Waltz” designed by Robert Zakanitch, circa 

1980. It is a pattern included in Anna Swartz’s 
book Pattern and Decoration: An Ideal Vision 

in American Art.  The pattern resemblances a 

fractal referred to as a Dragon Curve. 

Figure 13. This pattern is modelled by the 

author after a pattern included in an 

abstract pattern anthology collected by 

Kyoto Shon. It resemblances a fractal 

called a Cantor Set. 

Figure 14. This pattern is modelled by the 

author after a pattern called “Labyrinth” 
designed by Angelo Testa for Angelo Testa 

CO., circa 1947. It is a pattern included in Leslie 

Jackson’s book 20th Century Pattern Design. 

The pattern resemblances a Hilbert Curve. 

 

Figure 15. This pattern is modelled by the 

author after a pattern designed by Richard 

Reimerschmid for Deutsche Nerkstatten, 

circa 1907. It is a pattern included in Leslie 

Jackson’s book 20th Century Pattern Design. 

 

Figure 16. This pattern is modelled by the 

author after a pattern included in an 

abstract pattern anthology collected by 

Kyoto Shon. 

Figure 17. This pattern is modelled by the 

author after a pattern called “Anemone” 
designed by Neisha Crosland circca 1999.  

It is a pattern included in Leslie Jackson’s 
book 20th Century Pattern Design. 
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 The question of color is related to the concept of ecological validity. Ecological Validity is 

defined in psychology as “a measure of how test performance predicts behaviors in real-world 

settings. Although test designs and findings in studies characterized by low ecological validity cannot 

be generalized to real-life situations, those characterized by high ecological validity can be.”36 The 

concept of ecological validity puts real-world conditions at the center of research investigations. Since 

fractal wellbeing relationship rests on formal qualities of the patterns alone, it follows that the DFPs 

should be presented in black and white. However, real-world scenarios and ecological validity are 

important. Therefore, the final patterns were colored with a neutral tan color.  

 These visual stimuli will be used in two different types of sessions which are designed to collect 

responses to perceived wellbeing indicators: visual interest, visual preference and mood responses. 

The first session will enlist participants in a laboratory-type experiment to rate the perceived wellbeing 

effects of the pattern swatches through a forced-choice procedure, answering a prompt relating to each 

of the wellbeing indicators. The methodology is constructed to parallel the methodology used in 

precedence studies. Wherever a forced-choice method would not be appropriate, a Likert scale will be 

used.  

 This second session will embrace a participatory mindset and prioritize ecological validity. The 

DFPs will be projected to cover an entire wall within a well-lit room. The participants in the room will 

be asked to communicate their perceived wellbeing. Several mapping activities will be carried out to 

establish responses to visual interest, visual preference and mood responses. Other responses will also 

be collected in this session such as spontaneous utterances, and observable behaviors.  

Conclusion  

 I hope for my work to stand in the chasm between the theory and practice of design research and 

help to fill it. It is important to use the knowledge attained from this investigation to strengthen 

designers’ evidence-based decisions that remain loyal to human-centered design, putting wellbeing 

above design dogma and style hegemony.  
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